Pseudo-scalar and scalar D mesons are considered within the QCD sum rule approach. We present an analysis of the mass splitting of the pseudo-scalar D −D mesons and the relation to QCD condensates. Weinberg type sum rules are derived for chiral partners which highlight the role of the chiral condensate.
Introduction
Chiral symmetry and its breaking pattern represents an important aspect of strong interaction physics governing to a large extent the structure of hadrons. The spontaneous breaking of chiral symmetry is signalled by the large value of the chiral condensate,0 , which is one quantity describing the QCD vacuum. There is, furthermore, the breaking of the dilatation invariance by quantum fluctuations leading to the non-zero value of the gluon condensate. Further nonzero vacuum expectation values of QCD operators characterize, among other quantities, the QCD ground state and are of relevance for the hadron spectrum. At nonzero density and temperature these condensates may change and modify the hadronic excitations. For instance, at baryon density n and small temperature, the chiral condensate behaves as= qq
) with σ N being the nucleon sigma term. Accordingly, one is looking for observables being sensitive to "chiral restoration" meaning effects indicating the drop ofwith increasing density.
Various experiments have been performed with the goal to seek for modifications of hadron properties and to assign them to changes of the QCD vacuum. Among currently running experiments are those by the HADES collaboration [1] investigating the dilepton emissivity of strongly interacting matter which is suspected to have some relation to chiral symmetry [2] . It happens, however, that the relation is not as direct as earlier conjectured [3, 4, 5] . One may look, therefore, for other potential observables with more direct relations to the chiral condensate. In [6] , open charm mesons are envisaged as suitable hadrons depending strongly on the chiral condensate. Following this line of arguments we consider here QCD sum rules for pseudoscalar D mesons (section 2) and address briefly sum rules for chiral partners (section 3). Such considerations are related to the charm programmes at the forthcoming experiments CBM [7] and PANDA [8] at FAIR.
Spectral moments for D −D mesons
QCD sum rules [9] represent a direct tool to relate moments of hadronic spectral functions with QCD condensates via the operator product expansion (OPE). In [10] , the following moments have been defined
where Π denotes the hadronic spectral function and s ± 0 are the so-called continuum thresholds bracketing the D andD strengths. Thereby, new quantities ∆m and m may be defined which encode the combined masswidth properties of the particles under consideration: 
where α s = g 2 /4π and the perturbative spectral function ImΠ per D + (s) is according to [11] . We stress the occurrence of the term m c dd , where the large charm-quark mass acts as an amplifier of the genuine chiral condensate dd .
Results of the numerical analysis of (2) with S 0 =Π o , S 1 =Π e etc. are exhibited in Fig. 1 for condensates listed in [10] with the exception of the poorly known condensate q † gσGq for which we employ here the opposite sign to get a measure of its importance. (This sign change also affects q † D 2 0 q due to
) While the mass splitting is fairly robust, the centroid mass shift is fragile under variation of the continuum threshold parameters. The actual value of the mass splitting indeed depends sensitively on the sign of q † gσGq ; the other condensates in (3, 4) (cf. [10] ) are fairly known.
Chiral partners with open charm
With the same technique one may derive difference QCD sum rules for pseudo-scalar (P ) and scalar (S) chiral partners, say D(J P = 0 − ) 1864 and D(J P = 0 + ) 2400 , with the result
with 
Summary
In summary we have considered the QCD sum rule approach to pseudoscalar and scalar mesons composed of a light and heavy quark. For the chiral sum rules the role of the chiral condensate is highlighted: Dropping inmedium condensates, in particular, cause the degeneracy of the spectral moments of chiral partners. Acknowledgements: The work is supported by BMBF 06DR136 and GSI-FE.
